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Description 

Field of the Invention 

This invention relates to stents and a method of 
making a stent 

Description of the Prior Art : 

It is desirable in various situations to provide 
means for expanding a constricted vessel or for main- 
taining an open passageway through a vessel. Such 
situations arise, for Instance, after an angioplasty of 
a coronary artery. In these situations, wire stents, are 
useful to prevent restenosis of the dilated vessel, or 
to eliminate the (danger of occlusion caiiised by ^aps w 
resulting from intimal tears associated with angiop- 
lasty. Wire stents can also be used to reinforce col- 
lapsing structures in the respiratory and biliary tracts. 

Typical of the wire stents of the prior art is the 
stent of Gianturco, U.S. Patent No. 4,580,568, whe- 
rein the stent is cbm^iies^ed and encased in a sheath. 
The sheath is then positioned in the vascular system 
and the stent is held in position by S Ascended pusher 
while the sheath is withdrawn. The zig-zag configu- 
ration of this particular stent allows it to expand in the 
passageway to hold the passageway open arid 
.-; enia^d. 

Stents comprised of variously shaped spiral 
springs are described by Maass et al. in U.S. Patent 
No. 4,553^545, and in Radiology Follow-Up of Trans- 
luminaliy inserted Vascular Endoprosthesis : An Ex- 
perimental Study Using Expanding Spirals, 
Radiology/September 1984 ; 152 : 659-663. Appli- 
cations of torque to the end of these spiral springs 
increases the number of coils white de^asiri^ the 
stent diameter for insertion. Once inserted, an pppo- 
S*rte torque is applied to the spiral springs causing the 
stent diameter to increase. Use of this type of stent 
requires a sophisticated coaxial cable to apply torque 
to the stent once it has been inserted into the vessel. 

Dotter et al. reported the use of a prosthesis con- 
structed of a thermal shape memory alloy which is 
pa^edinb the p^sag^^ttrou^ 
DptterCT et aj., Transluminal Expanda 
Stent Grafting : Preliminary Report , Radiology. AoriL 
1983 ; 1^7: 25^-260, Thfe i^il stent is <^pa«ed by 
cooling, inserted, and then heated in situ until the 
stent expands in the passageway. This stent is posi- 
tioned within the vessel by a detachable positioning 
device capable of supplying electrical energy to heat 
the thermal coll. 

Other references which may have relevance to 
the present invention are the following U.S. patents : 
Abolins, No. 3,278,176 ; et al., No. 3,868,956; 
Simon, No. 4,425,908 ; and Sakiira, Jr., 4,214,587. 

Among the drawbacks of the prior art wire stents 
and expandable coil stents are that these stents are 



either difficult tq produce or complicated to insert into 
a body passageway. Each of these stents requires the 
use of a comply device for insertion and expansion 
of the stent within the vessel. On the other hand, less 
complex wire stents lack the axial compliance to pass 
through a catheter that has any significant curves or 
bends. The present Invention addresses each of 
these problems by providing a wire stent that is easy 
to produce, simple to Install andcapabje of delivery 
around curves and bends in a vessel or passageway. 

Summary of the Invention 

A stent comprising a wire fo^rmed into a serpen^ 
tine configuration including a series of straight sec- 
tions and a plurality of bends. The straight sections 
are joined by the bends to form a series of alternating 
loops. The serpentine configuration Is formed into a 
cylindrical shape having a longitudinal axis, wherein 
the Straight s generally drcular 

configurations surrounding and generally perpendicu- 
lar to the longitudinal axis. Means are provided for 
expanding the circular configurations and, conse- 
queiritly, the c^indrical shape; cc^ a balloon 
catheter. The balloon catheter is folded and received 
witW^ along Ithe^- 

axis of the cylindrical shape*. The ^ straight sections are 
termed about th^ that adjacent 

loops dfyer^ e iach 6$&r : 

as the balloon is inflated. 

Brief Description of the Drawings 

Fife. 1 is a perspective view of a wire stent of the 
present invention. 

FIG. 2 is an end view of the wire stent of FIG. 1. 
FIG. 3 is a side view of the wire stent of FIG. 1 
engaged around a folded balloon catheter and 

FIG. 4 is a side view of the wire stent and balloon 
catheter of FIG. 3, shown in the expanded condi- 
tion. 

FIG. 5 is a fragmentary exploded view of a portion 
of a wire stent of FIG. 1. 

FIG. 6 is a cutaway viewof a body cavity with the 
wire stent and balloon catheter situated in a curve 
"'; In the cavity; ."' 
FIG. 7 is the cutaway view similar to FIG. 6 with 
the stent and balloon catheter situated within the 
cavity adjacent an occlusion in the cavity. 
FIG, 6f is the cute^ shown with 

the balloon catteter inflated and with the stent in 
contact with the cavity wall to remove the occlu- 
sion. 

FIG. 9 is a perspective view of a step of a method 
of the preserit invention showing a wire formed 
into a planar serpentine configuration and placed 
6n a forming die. 
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FIG. 10 is a cross-sectional view of the forming 
die In FIG, 9 taken along line 10-10 and viewed 
in the direction of the arrows. 
FIG. 1 Us a perspective view of the wire pressed 
into a trough In thp forming die by a forming bar. s 
nG - 12 I s a cross-sectional view of the forming 
die andformlng bar of FIG. 11 taken along line 12- 
12 and viewed in the direction of the arrows; 
FIG. 13 is a perspective view similar to FIG. 11 
and showing the loops of the serpentine configu- 10 
ration pulled over the exposed portion of the form- 
ing bar by pulling tools. 

FIG. 14 is a cross-sectional view of the forming 
die and forming bar in FIG. 13 taken along line 14- 
14 and viewed in the direction of the arrows. iS 
FIG. 15 is a perspective of a balloon catheter 
inserted through a generally cylindrical opening 
formed by the wire in one step of the present 
method. ■ • " . ' 



Description o f the Preferred Embodiment 
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For the purposes of promoting an understanding 
of the principles of the Invention, reference will now be 
made to the embodiment illustrated in the drawings 2 s 
and specific language will be used to describe the 
R*™ nevertheless be understood that no limi- 
tation of the scope of the invention is thereby inten- 
ded, such alterations and further modifications In the 
illustrated deviw, and suchfor^^^^ 3d 
pnnclples of the invention as illustrated therein being 
contemplated as would normally occur to one skilled 
in the art to which the Invention relates. 

Referring to FIG. 1, a wire stent 10 is shown as 
having a longitudinal axis 26. The stent comprises a 35 
plurality of curved sections 11 that are situated gen- 
erally perpendicular to the axis 26. Adjacent curved 
sections 11 are joined by bends or cusps 13. A loop 
18 is formed at each free end of the wire stent 10 ih 
order to shield the wire end. The curved sections 11 40 
are formed Into a circular configuration, as shown in 
toe end view of FIG. 2, so that the stent 1 0 has a cylin- 
dncai opening 12 formed therein. 

The curved sections 11 and cusps 13 form a 
senes of alternating clockwise and counter-clockwise 45 
loops 15 and 1 6, respectively. The clockwise direction 
relative to the axis 26 has been arbitranly selected 
and is noted by the heavy arrow 27 in FIG. 1. In the 
contracted condition of the stent 10, these loops 15 
and16overiap longitudinally, as demonstrated by the 50 
overlap region 20 shown in FIG. 3. Thus, the overlap 
region 20 gives the appearance thatthe stent Is a con- 
fanjious circular ring when viewed from an end 
although when viewed as in FIGS. 1 or3 it is apparent 
that toe cylindrical shape of the stent 10 is discontinu- 55 
ous. The importance of this feature is illustrated by a 
comparison of FIGS. 3 and 4. 

In FIG. 3, the stent 10 is shown secured around 



a catheter 22, which has an inflatable balloon 23 
adhered thereon surrounding a feed orifice 22a in the 
catheter. The balloon used In tofe embodiment Is a fol- 
ded balloon in which flaps 23a of the balloon 23 are 
ft) ded over the catheter 22, as shown in FIG. 3. The 
folded flaps 23a allow the balloon 23 to inflate to a 
specific diameter without excessively stretching fee 
balloon material and risking a rupture of the balloon. 

The stent is compressed about fee catheter 22 
and balloon 23 so that it assumes a contracted outer 
diameter 24. which is calibrated to allow insertion Into 
a particular body passageway. The clockwise loops 
1 5 and counter-clockwise loops 16 overlap in fee reg- 
,on 20> and fe e spring stiffness of the wire keeps the 
stent in the position during insertion. The stent 10 
remains in tight contact with the catheter 22 even as 
the assembly Is delivered around curves and bends in 
a body passageway. " 

Aftertoecatoeterandstentarefollylnsertedinto 
the passageway, the balloon 23 is Inflated to a diame- 
ter 25, which Is calibrated to force the stent 10 into 
contact with the passageway Inner surface arid/ at 
east in some cases, to expand the passageway. AS 
fee balloon is inflated, the clockwise and counter- 
clo^wee loops 15 and 16 diverge clrcumferentially 
ur f J 16 longitudinal overlap between loops is 
re x duced fo the region 21, shown In FIG. 4. Thus, fee 
effective diameter of the stent 10 relative to fee lon- 
9 . rtud,na ' 3x18 26 Increased without thermal expan- 
sion or application of torsional forces to fee stent, as 
suggested In toe pridrait '- ^^T:^:}^^ 

.in fee b^t mode pf toe inyehtiori; fee wire cohv 
pnsmg the stent 10 is made of a malleable material 
preferablyfrom the group comprising annealed stain- 
ess steel, tungsten and platinum. This malleable ma- 
terial is sufficiently deformable to allow fee loops 15 
and 16 to diverge due to radially outward pressure 
applied by inflation of the membrane that comprises 
the standard balloon catheter. Because toe stent ma- 
terial is plastic, rather than elastic, the stent retains 
toe enlarged diameter after the balloon 23 is deflated 
and the catheter 22 removed. However, the material 
has sufficient strength and stiffness to avoid the stent 
being displaced on fee balloon during Insertion and to 
avoid the loops 15 and 16 being forced into an over- 
lying relation. Further, thestenthassufficientstrength 
and stiffness to allow it to maintain its position in the 
passageway and to resist being dislodged after the 
catheter 22 has been removed arid the balloon Is no 
longer stabilizing toe stent. One example of a suitable 
wire has an outer diameter of 0.001 8 inches arid is 
stainless sfeei AISI 316 alloy. 

It is desirable that the overlap region 20 in toe 
contracted condition be sufficiently large so feat toe 
stent has a high contact area wito toe catheter, provn 
ding additional protection against the stent becoming 
dislodged while toe assembly is inserted, in fee 
expanded condition, the overlap region 21 should be 
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sufficiently large to provide continuous circumferen- 
tial support for the passageway in which the stent is 
inserted. In one example of the invention, the overlay- 
ing region 20 extends almost 360° circumferentialiy. 
For clarity, the illustrated embodiment shows the 
overlap 20 to be substantially less. 

It can be oj^e 
embodiment can be dissected Into single coil helical 
sections. FIG. 5 is an exploded view of a wire stent 49 
having a longitudinal axis 50. The clockwise direction, 
according to a right-hand rule, is denoted by the heavy 
arrow 48 about the axis 50. The stent 49 comprises a 
series of alternating single coil dockwise helical sec- 
tions 51 and single coil counter-clockwise helical sec- 
tions 52. The helical sections 51 and 52 have forward 
ends 51a and 52a, and aft ends 51 b and 52b, respect- 
ively. The adjacent helical sections are joined by 
JKSJ^J5$ ywtt the fow section 
being connected to jhe aft^ 
tioniThus, end 51a of tfie clockwise helical secti6ri51 
is joined to end 52b of the counter-clockwise helical 
section 52, whfle end 52a is connected to end 51b. 

In a method of using the stent of the present 
ii^ntipn, a js 
inserted into a passageway 72, such as an artery, in 

80 is in the deflated configuration as it is maneuvered 
around th^ 

ness of the catheter 82 allows the jassembly 80 to fol- 
low the curve 76, while the strength and stiffness of 
the stent 84 keeps it tightly engaged on the catheter 
balloon 86 during insertion. The passageway has an 
occlusion 74 situated at another bend in the passage- 
way. *'; 

In FIG. 7, the stent and balloon catheter assembly 
80 is shown fully inserted into the passageway 72 so 
that the stent 84 and balloon 86" are situated directly 
adjacent the TCdusion 74 and following the curve of 
the passagewayi The assembly is shown in the 
expanded configuration 80' in Fib. 8, in which the bal- 
loon 86' is inflated and the wire stent 84' expanded to 
contact and enlarge the passageway 72. The expan- 
sion is exaggerated in FIG. 8 for clarity. The assembly 
is occlu- 
sfori 74 (F1GJ 7) and open the passageway^ Tlie balr 
loon is then deflated and the catheter removed, 
leaving the stent to hold the passageway bp>en. 

The method of the present invention concerns a 
process for fabricating a stent Referring to FIG. 9, a 
wire 30 is bent into a planar serpentine shape. The 
shap^ inclu|ei of straight sections 33 jqined 

by bends or cusps 35. After the forming procedure has 
occurred, the straight sections 33 become curved 
sections 1 1 , and cusps 35 become cusps 1 3. Also, the 
portions of wire 30 oh either side of the centertlneil 
become the clockwise and counter-dotdcwise loops 
15 and 16, as designated In RG. 9. Free end 60 can 
be formed into a loop, such as loop 18 in FIG. 1. 



A forming die 39 comprises a flat plate 40 having 
a straight trough 42 formed therein. In the cross-sec- 
tional view of FIG. 1 0, it is; seen that the trough 42 has 
a semi-circular surface 43. The wire 30 is placed flat 

5 upon the plate such that the centeriine 31 is coinci- 
dent with the centeriirie of the trough 42. 

TOe wire 30^ Is:: ^jr^^id: ; fntoCihe trou^ti 42 ancl 
against the ^ semi-cin^li^ surface 43 using a forming 
bar45, as shbym^ the forming b 

10 45 is held in place by elastic bands 46. TTie ehasM 
the (bops 15 ah^^ 16 project upwardly or outwardiy 
from the trough 42 and above the surface of the flat 
plate 40. In the nert step of the present mettod, pu t 
ling tools 47 are used to puH 16 over 

is the exposed surface 45a (FIG. 12) of the forming bar 
45, as shown iri FIGS. 13 arid 14. Hooks 47a atthe 
end of pulling tools 47 engage the cusps 13 of the 
loops 15 and 1 6 during this jpultihg step. Next, the par- 
tially formed stent is removed from the plate 40 by life 

26 irig the f^ 

is ^oved, leaving tiie conf^ partially 
fc^ed stent at Ms, point is as shown in FIG. 15* 
The bal^ 

longitedinal cylindrical opening 12 in the stent 10, as 
25 shown in FIG. 15, and the ends of the loops 15 and 
16 are pressed into contact with the catheter, as 
shown in FIG. 3. As mentioned, when the loops 15 
and 16 are in their final overlapping position, it is pn> 
fen^rt^ 

30 example of the invention, this overlap 20 (FIG. 3) is 
about 360 degrees. The balloon catheter used could 
be of various designs, such as the design shown in 
the patent to William A, Cook, U.S. No. 4,637,396, or 
as available from Cook, Ina of Bloomington, Indiana, 

35 under their c^ OMG 4.0-4.5 and 5 3 

FFt catheter. 

While the invention has been illustrated and des- 
cribed in detail in the drawings and foregoing descrip- 
tion, the same is to be considered as illustrative in 

40 character, it being understood that drily the preferred : 
embbdi^ 

Claims 

45 . ■ 

1 . A stent comprising a wire formed into a serpen- 
tine configuration including a series of straight sec- 
tions (33) and a plurality of bends (35), said straight 
sections being jdihed by said bends to form a series 

50 of alternating loops (15) and (16), said serpentine 
configuration being formed into a cylindrical shape 
having a longitudinal axis (31) and wherein said 
straight sections are bent Into generally circular con- 
figurations surrounding and generally perpendicular 

55 to said axis, and means for expanding said circular 
corifiguratibris. 

2. the stent of Claim 1 , wherein said wire is made 
of malleable material. ; 
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3. The stent of Claim 1 , wherein said wire is made 
of malleable material from the group consisting of 
annealed stainless steel, tungsten and platinum. 

4. The stent of Claim 1, wherein said means for 
expanding is a balloon catheter (22), said balloon 
catheter being received within said cylindrical shape 
and extending along said axis. 

5. The stent of Claim 4, wherein said balloon 
catheter is a folded balloon catheter. 

6. The stent of Claim 1, wherein said circular con- 
figurations have a contracted condition In which said 
alternating loops include longitudinally overlapping 
portions (20) adjacent said bends. 

7. The stent of Claim 6, wherein said circular con- 
figurations further have an expanded condition in 
which said longitudinally overlapping portions (20) of 
adjacent loops are circumferentially diverged r^ 
to said contracted condition. 

fcftie ^s&atni: "off !'OlalnrS ; : 3^--^w«^o^^K:;"iB^ r f^: :i^«^B[ |Pi#\r4Sp£~ : " : 
expanding is a balloon catheter (22), and said balloon 
batti^ 

shape and extends along said axis. 

9. The stent of Claim 1, wherein said alternating 
loops include longitudinally overlapping portions adja- 
cent said bends which are arranged to diverge ctrcum- 
ferentiaily in response to expansion of said means for 
expanding. 

10. The stent of Claim 9, wherein said means for 
expanding is a balled 

catheter is folded and received within said cylindrical 
shape and extends along said axis. 

11. The stent of Claim 1, wherein said wire 
includes two opposite ends, said wire being formed 
into a loop (18) adjacent each of said ends such that 
said ends are substantially shielded. 

1 2. the stent b^blaim 1 , wherein said wire has a 
outer diameter of Cli,bblS-inches^^^ ■ • " 

13. A stent having a longitudinal axis and com- 
prising: a plurality of longitudinally-spaced wire 
loops, each haying a ^ 

loops sharing a common length of wire, each of said 
loops being formed about said longitudinal axis into a 
discontinuous cylindrical shape such that said cylin^ 
drical shape can be expanded or contracted by dis- 
placing said loops circumferentially ; and means for 
expanding said cylindrical shape from a contracted 
condition to an expanded condition. 

14. A stent according to Claim 13, wherein said 
loops are arranged so that said cusps of adjacent 
loops are in opposing orientoti^ 

15. A stent according to Claim 13. wherein : said 
loops are arranged so that said cusps of adjacent 
loops are in opposing orientation ; and said contrac- 
ted condition includes said cylindrical shape having a 
first overlap region (20) in which adjacent ones of said 
loops longitudinally overlap each other. 

16. A stent according to Claim 15, wherein said 
expanded condition includes said cylindrical shape 



having a second overlap region (21) In which adjacent 
ones of said loops longitudinally overlap each other, 
said second overlap region being smaller than said 
first overlap region. 
5 17. A stent according to Claim 13, wherein said 

means for expanding includes a balloon catheter 
extending along said longitudinal axis and received 
through said cylindrical shape. 

18. A stent according to Claim 17, wherein said 
10 means for expanding includes a folded balloon cathe- 
ter. 

19. The stent according to Claim 13, wherein 
each of said wire loops is made of malleable material. 

20. The stent of aaim 13, wherein each of said 
is wire (oops has a wire outer diameter of 0.001 8 inches. 

21^ A wire stent ^ 
arid comprising : 

alternating clockwise and counterclockwise 
single coil helical sections (51) arid (52) situated 
20 about said longitudinal axis, adjacent ones of said 

helical s^cfibns bS 

means fpr expanding said helical sections from a 
contracted condition to an expanded condition 
such that adjacent cusps are displaced circumfe- 
25 , rentially relative to each othen 

22. A stent according to Claim 21, wherein said 
rriearis for ^paridihg is a folded ball ^a cPeter 
extending along said longitudinal axis arid received 
through each of said helical sections. 
m 23. The stent according to Claim 21; wherein said 
helical sections are made of malleable material. 

24. The stent of Claim 21; wherein each of said 
helical sections has a wire outer diameter of 0.001 8 
' inches. - 

35 25. A method for making the stent according to 
Claims 1 to 24 comprising the steps of : 

(a) forming a wire into a planar serpentine con- 
figuration having a series of alternating opposing 
loops, each with a closed end ; 

40 (b) placing said wire on a flat surface (40) having 
a trough (42) with a semi-cylindrical wall (43), said 
wire being situated over said trough such that 
said serpentine configuration is generally centred 
over said trough ; " 

45 (c) using a cylindrical tool (45), forcing said wire 
into siaid trough between sai^ arid 
said semi-circular wall i.and, :: , 
(d) forcing said opposing loops (15) and (16) over 
said cylindrical tool to form said wire into a gen- 

50 erally cylindrical shape having a longitudinal axis, 
such that said loops lie longitudinally adjacent 
each other. 

26. The method of Claim 25, further comprising 
the? sfeps of : 

55 (e) removing said cylindrical tool (45) and remov- 

ing said wire from said trough (42) ; 
(f) inserting ia folded balloon catheter (22) into 
said cylindrical shape ; and 
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(9) tightening 8ald cylindrical shape about said 
bajiboh catheter such that the wire contacts the 
balloon catheter along its entire length and adja- 
cent loops have longitudinally overlapping por- 
tions (20) adjacent the closed ends of said loops. 5 
27. The method of Claim 25, wherein the step of 
foitning a; wire into a planar seipentjne OT^uratipii 
includes the step of forming a loop (1 8) adjacent each 

• • . ■■ 10 
Patentansprucho 

1; Dilatator mit einem Draht, der in eine schlan- 
genfSnrnige Konfiguration geformt ist, die eine Reihe 15 
gerader Abschnitte <33) und 
(35) aultoeist, wobei die geraden Abschnitte durch die 
Biegungen yerbunden sind, urn eine Reihe alternie- 
render Schlaufen (15, 16) auszubilden, wobei die 
schlangenformige Konfiguration in eine zyljndrische 20 
Form mit einerLangsachse (31) geformtist und wobei 
dfe geraden in etwa kreisformige Konfigu- 

rationen gebogen sind, die die Achse umgeben und 
etwa iptrecht zu ihr arigeordhet sind, und mit einer 
Vorrichtung zur Ausweitung der kreisformigen Konfi- 25 
gurationen. 

Z Dilatator nach Anspruch 1 , beidem der Draht 
auseinem 

3. Dilatator nach Anspruch 1 , bei dem der Draht 

aus einem verformbaren Werkstoff aus der vergute- 30 
ten rostfreien Stahi, Wolfram und Platin enthaltenden 
Gruppe hergesteilt ist 

4. Dilatator nach Anspruch 1 , bei dem die Vorrich- 
tung zur ErW^iteihuHg ein BaNonkiSeter (^ 1st, der 
innerhalb der zylindrischen Form aufgehbrhmen ist 35 
und sich langs der Achse erstreckt 

5. Dilatator nach Anspruch 4, bei dem der Ballon- 
katheter ein gefalteter Ballonkatheter ist 

6. Dilatator nach Anspruch 1 t bei dem die kreis- 
formigen Konfigurationen einen zusammengezoge- 40 
ne^ dem die aiternierenden 
Schlaufen einander in Lagsrichtung uberlappende 
Abschnitte (20) neben den Biegungen einschliesseri. 

7. Dilatitor nach Arisphj 

formigen Konfiguratiohenn des weiteren einen ausg£- 45 
welteten Zustand aufweisen, in dem die einander in 
Langsrichtung uberiappenderi Abschnitte (20) 
benachbarter Schlaufen in Umfangsrichtung in bezug 
auf den zusammengezogenen Zustand abweichen. 

8. pilatetorn^ so 
tung zur Erweiterung ein Ballonkatheter (22) ist, der 
gefaitet und inra^ 

nommeh ist und der sich langs der Achse erstreckt 

9. Dilatator nach Anspruch 1, bei dem die aiter- 
nierenden Schlaufen in Langsrichtung einander Gber- 55 
lappende Abschnitte neben deri Biegungen 
aufweisen, die so angeordhet sihd, daii sie in 
Umfangsrichtung entsprechend der Erweiterung der 



Vorrichturjg iajr Erweiterung abweichen. 

10. Dilatator nach Anspruch 9, bei dem die Vor- 
richtung 2^r Eweiterung ein Ballonkatheter ist, der 
gefaitet unci innerhalb der zylindrischen Form aufge- 
nommen ist und sich langs der Achse erstreckt 

11. Dilatator nach Anspruch 1 , bei dem der Draht 

v^bel der 

Draht In eine Schlaufe (18) neben Jedem dar beiden 
Enden geformt ist, so daft die Enden etwa abge- 
schirmtsind. 

12. Dilatator nach Anspruch 1, bei dem der Draht 
einen Au&endurchmesser von 0.0018 Inches auf- 
weist 

13. Dilatator mit einer Langsachse und eiherVIeh 
zahl in Langsrichtung beabstandeter Drahtschlaufen, 
von deriert jede &irien Scheitelpunkt airiweist, wobei 
einander benachbarte Schlaufen ein ihnen gemeinsa- 
mes DrahtlangenstOckteilen und wobei jede Schlaufe 
so um die Lahgsachsei in eine diskohtihuierliche zyliri^ 
drische Fo^ g^ormt ist, daft die zylindrische Form 
durch Versetzung der Schlaufen in Umfangsrichtung 
ausgeweitet oder zusammengezogen werden kann, 
und mit einer ^ Erweiterung derzylindri- 
scheri Form aus einem zusammengezogenen in 
einen ausgeweiteten Zustand. 

14. Dflatator nach Anspruch 13, bei den die 
Schlaufen so angedrdnet sind, da& die SchelteK 
punkte einander benachbarter Schlaufen einander 
gegenuber angeordnet sind. 

15. Dilatator nach Anspruch 13, be! dem die 
Schlaufen so angeordnet sind, da& die Scheitel- 
punkte einander benachbarter Schlaufen in Gegen- 
uberiage orientiertsind, und der zusammengezogene 
Zustand^ die zylindrische Form umfa&t, die einen 
ersten Oberiappun^ (20) auftoeist, in dem 
einander benachbarte Schlaufen einander in Langs- 
richtiing ObeHapperir 

16. POatator nach Anspruch 15, bei dem der 
erweiterte Zustand :die zylindrische Foinrn ajufweist, 
die einen zweiten Oberiappungsbereich (21) hat, in 
dem <ei^ Schlaufen einander in 
Langsrichtung uberiappeni wobei derzweite Gberiap^ 
pungsbereich Weiner als der erste Gberlappungsbe- 
teich ist 

17. Dflatator riach Anspruch 13, bei dem die Vbiv 
richtung zur Erweiterung einen Ballonkatheter auf- 
weist, der sich l§ri£is der Langsachse erstreckt lind 
der in der zylindrischen Fonri aufgendmmen 1st 

18. Dflatator nach Anspruch 17, bei dem die Vqr^ 
richfeng ^ eiheii gefalteten Ballonkat- 
heter auiweist 

19. Dilatator nach Anspruch 13, bei dem jede 
Drahtschiaufe aus einem verfoimbaren Werkstoff 
hergesteilt 1st 

20. Dilatator nach Anspruch 13, bei dem jede 
Drahtschiaufe einen Drahtau&endurchmesser von 
0,0018 Inches hat 

21 . Drahdilatatpr (49) mit einer Langsachse und 
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alternlerenden in Uhrzeiger- und In Gegenuhrzeiger- 
richtung gebbgerien einz#lnen Spli^federab^chnit- 
ten (51, 52), die urn die Ungsachse gelegen slnd, 
wobei einander benachbarte Spiralabschnitte an ef- 
nem Scheitelpunkt (53) mlteinander verbunden sind, 
und einer Vorrlchtung zur Erweiterurig der Spirajab- 
schnitte aus einem zusammengiezogenen Zustand in 
einen auf^eweiteteh ZiMattv^ so dafi Wartier 
^achbarte Scheteipunkte in Unrfangsrichtang 
zueinahder versetzt sirid. 

22- Dilatator nach Anspruch 21 , bei dem die Eirt- 
richtung zur Eweiterung ein gefalteter Ballonkifieir 
^ MM} lapga der l^ngsachse erstreckt und der 
durch jeden der Spiralabschnitte auftenommen isC 
23.pHatatornach die Sp^ 

ralabschnitte aus einem verfonribaren Werlcstoff ^ 
. gesteiit sincl- 

? 4 ' P i,atator nach Anspruch 21, bei dem jeder 
Spiralabschnitt einen DrahtauEendurchmesser von 
0,0018 Inches hat 

25. Verfahrerizur Hersteliung des Dilatators nach 
den Ansprtfchen 1-24 mit den fblgenden Wrfahrens- 
schritten: 

(a) Formung eines Drahts in eine planareschlan- 
genformige Konfiguration mil einer Fteihe alter- 
nierender gegenOberiiegender Schieffen, jewefls 
mit einem geschlossenen Ende ; 

(b) Anordnen des Drahts auf einer flachenOber- 
flache (40) mit einer Rinne (42) miteiner halbzy^ 
lindrischen Wand (43), wobei der Draht Ober der 
Rinne angeordnet wird, so daB die schlangenfSr- 
mige Konfiguration etwa mittig Ober der Rinne ar^ 
geordnetist; 

(c) Gebrauch eines zylindrischen Werkzeugs 
(45), Drucken des Drahts in die Rinne zwischen 
dem zylindrischen Werkzeug und der halbzylin- 
drischen Wand ; und * 

(d) Drucken der einander gegenuberliegenden 
Schlaufen (15, 16) uber das zyiindrische Weik- 
zeug, urn den Praht in eine etwa zyiindrische 
Form miteiner Langsachse zu fbirneri^ so da& <iie 

• J in LSngsrichtung nebeneinander an- 

geordnet sind. 

26. Verfahren nach Anspruch 15, das weiterhin 
die Verfehrensschritte aufweist ; 

(e) ZurOckzlehen des zylindrischen Werkzeugs 
(45) und Zuruckziehen des Drahts von der Rinne 
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(f) Einsetzen eines gefalteten Ballonkatheters 

(22) in die zyiindrische Form ; und so 

(g) Befestlgen der zylindrischen Form urn den 
Bdbnkathefer, so da& jpra^ 
heterentfang dessen gesamter IJnge ico ntaktiert 
und einander benachbarte Schlaufen in Langs- 
richtung Gberiappende Abschnitte (20) neben 55 
deh geschlossenen Enden der Schjaufert aufwei- 
sen.' 

27. Verfahren nach Anspruch 25, bei dem der 



Verfahrensschritt des Fonmens eines Drahts in eine 
planare schiangentermlge Korifiguratiori deh Verfah- 
rensschritt einer Formung einer Schlaufe (18) neben 
Jedem der freieri Ehderi des Drahts aiifWetst 

Revendicatlons 

guratfon en serpentin comprenant une sSrie de par- 
:'M r ? ( ^! | 9 n ® s ( 3 3) et une plurality de parties 
incuiy^es (35), l^i^ paffl^BM^ 
n ??W??dites parties incurvfes afin de former une 
s6rie altemSe de boucles (15) et (16), ladite (ionfigu- 
serpentin Slant mfse en forme de cyiindre 
ayant un axe longitudinal (31) et dans lequel lesdites 
parties iB&lignes sont piides afin d'avbir des configu- 
re^ et 
sensiblement perpendiculaires audit axe, et uh 
moyen de dilatation deladite configuration circulaire. 

ris6 en ce que leditfa est rSailsS a partirri'un materiau 
mailable. 

3. Le dflatateur selon la revendication 1, cakctb- 
ris^ en ce que Jedit ffl est r6aite§ a p^r cl'iin materiau 
mailable choisi dans le groupe comprenant racier 
inp>ydable, !e WrigitenS;lt 

4. Ledilatateur selon la revendication 1, caract^ 
ris6 en ce que (edit moyen de dilatation desdites confi- 
gurations circulaires est un catheter gonflabie (22), 
ledit catheter gonflabie §tant regu k Hnterieur de 

■ ladite fonme cylindrique et s^tendant le long dudit 
axe. 

5. Le dilatateur selon la revendication 4, caracte- 
ris§ en ce que ledit catheter gonflabie est ijn catheter 
comprenant uri ballon pli6. 

6. Le dilatateur selon la revendication i, caract§- 
ris6 en ce que lesdites configurations circulaires pos- 
sfedent une position c»ntrac*60 dans laquelie lesdites 
boucles altem6es comportent des parties (20) adja- 
centes auxdites parties incurves de recouvrement 
longitudinal. 

7. Le dilatateur selon la revendication 6, caracte- 
risS en ce que lesdites configurations circulaires pos- 
sSdent une pwitipa laquBl lesdit^ 
parties (20) de recouvrement longitudinal des ^pucles 
adjacentes divergent ciironf^rentiellinent par rapr 
port & ladite position co ntract§e. 

8. Le dflatateur selon la revendication 7, caractd- 
^ ? n 06 9H? ,ed « moyen d'expansion de la forme cir- 
culaire est un catheter gonflabie (22) et eh ce Que ledit 

J^^fergonflabiep^ 

forme cylindrique et s f 6tend le long de son axe. 

9, 14 dilatateur selbft la revendication 1, caracte- 
ris6 en ce que lesdites boucles altem6es comportent 
des parties quj se chevauchent longitudinalement et 
sont adjacentes auxdites parties incurv^es et qui sont 
dispos§^pourdiye^ercircon^ suite d 
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I'expansfon dudit moyen cf expansion. 

10, Le dflatateurseion la revendication § 9 cara<> 
t6iis§ en ce que (edit moyen d'expanston de la forme 
circuiaire est un cathtter gonflable et en ce que ledit 
catheter gonflable est pli6 etregu k rih^rieiird^Mitt 
forme cylindrique et s f 6tend le long de son axe; 

1 1 . Le dilatateur selon la revendication 1 ; carao- 
teris§ en ce que ledit fil comporte deux extr6mit§s 
oppos6es, ledit fQ 6tan t pi 16 en forme de boude (1 8) 
a chacune de ses extr£mit£s de sorte que lesdites 
extrSmltes sontsubstantieilement proteg6es. 

12; Le dilatateur selon la revendication 1; carats 
terisS en ce que ledit fil a un diam&tre exterieur de 
0,046 mm (0,0018 inches). 

13. Un dilatateur ayant un axe longitudinal et 
comprenant:^ 

un fil espacges longitudinalement, chaque boucle 
a>^ un lobe, Iie^ glides adjacent 
partageant une longueur de fil commune, chacune 
desdites boucles 6tantform£e autour dudit axe longi- 
tudinal pour rSaliser une forme cylindrique disconti- 
nue telle que ladite forme cylindrique puisse etre 
expans6e ou contractee en d^plapant lesdites bou- 
cles clrconterentiellement ; et un moyen d^ansion 
de ladite forme cylindrique d'une position contractee 
* £ une pQSifo^ 

14: Un dilatateur selon la re vendition 13, W&& 
t6n^|fn ^ 

que lesdits lobes des boudes adjacentes ont une 
orientation oppos6e. 

15^Un dilatateur selon la revendication 13, (^rae- 
t§ris6 eri ce que le^ites boude^ 
manure & ce que lesdits lobes des boudes adjacen- 
tes ont une orientation opposde et ladite position 
contracts correspond & I'existence d'une premiere 
zone de recbu^ement (20) dans ladite forme cylindri- 
que, les boudes adjacentes se recouvrant rniituelle- 
ment longitudinalement d Hnttrieur de cette zone, 

1 6. Un dilatateur selon la revendication 1 5. carac- 
t6ris6 en c» que, dans ladite posm 

forme cylindrique possfede une deuxfeme zone de 
recouvrement (21) dans laquelle les boudes adjacen- 
tes se recouvrent mutuellement longitudinalement, 
ladite deuxfeme zone de recouvrement Stant plus 
petite ftiela^ 

17. Un dflatateurseion la revendication 13, carao- 
terise en ce que ledit moyen d'expansion compbrte uri 
catheter gonflable qui s'6tend le long dudit axe longi- 
tudinal et qui est regu^ I'irittrieurde ladite forme cylin- 
drique. _ 

18. Up dilatateur selon la revendication 17, carac- 
terisfren ce que ledit moyen d'expansion comporte un 
catheter contenantiiri ballon plfe. 

19. Le dflatateurseion la revendication 13, carac- 
t£ris6 en ce que chacune desdites boucles de frf est 
r6alis£e dans un matSriau mailable. 

20. Le dflatateur seion la revendication 13, carac- 
terise en ce que lefflde chacune desdites boudes a 



un diamfetre exterieur du fil de 0,046 mm (0,0018 
inches). 

21. Un dilatateur (49) r6ais§ en fil et ayant un axe 
longitudinal et comprenant : 

— des parties h^HcoTdales (5 i et 52) d'une seule 
spire dlsposSes altemativement selon le sens 
des aiguilles d'une mo^ et selon le sens 
inverse des aiguilles cf une montre, situSes autour 
dudit axe longitudinal, lesdites parties heilcolda- 
les adjacentes StantrSunles par un lobe (53) ; et 

— un moyen d'expansion desdites parties h&h 
coTdales a partir d'une position cdntractee a une 
position expansge de mani&re £ ce que les lobes 
adja^nfese^ 

par rapport ^ Tautre. 

22. Le dflatateurseion la revendication 21, carao- 
t£ris£ en ce que ledit moyen d'expansion est un 
catheter gonflable comprenant un ballon plte qui 
s'Stend le long dudit axe longitudinal et qui est regu' d 
I'interieur de chacune desdites p^i^ h£licoTdalee. 

23. Le dflatateurseion la revendication 21, carao- 
teris6 en ce que lesdites parties h&icoTdales sont n§a- 
Iis6es dans un materiau malleable; 

24. Le dilatateur selon la revendication 21 , carao- 
teris§ en ce que chacune desdites parties h6llcoTda- 
les est r6alis6e dans un til ayant un diam&tre exterieur 
de 0,046 mm (0,0018 inches). 

25. Uri proc§d6 pour r6aliser le dilatateur selon 
reyendicatip^ 

(a) la configuration d'un fil en forme de serpentin 
plan ayant une seriede boucles dispps^es alter- 
nativement en opposition, chacune ayant une 

: extr£mite f^4e;:^;;; 

(b) la mise en place dudit fil sur une surface plane 
(40) ayant une rainure (42) comprenant une paroi 
semi-cy^ 

sus de ladite rainure de manifefe 4 ce que ladite 
configuration en serpentin se trouve sensible- 
.'. ';rnertt centf6e;'aq^ 

(c) le forgage, au moyen d'un outil cylindrique (45) 
dudit fil k ' V^SwM§M^S^^j^^M- ledit 
outil cylindrique et ladite paroi semi-drculaire ; et 

(d) le forgage desdites boudes (15) et (16) par- 
dessus ledit outil cylindrique pour former ledit fit 
en line objuration g^n^ralement cylindrique 
ayant un axe longitudinal de manure & ce que 
lebdites boiicies se trou^ i'unie & 
1'autre dans le sens longitudinal. 

26. Le proc^di selon la revend^ 25, carao- 
t6ris6 en ce qu'p comprend les 6tapes suppl^mentai- 
res consistent ^: 

(e) enlever ledit outa cylindrique (45) et enlever 
ledit fa de ladite rainure (42) ; 

(f) ('insertion d'un catheter gonflable contenant un 
ballon p!i£ (22) & l v int§rieur de ladite configuration 
cyliridrique ; et 

(g) le serrage de ladite configuration cylindrique 
autour dudit catheter gonflable de fagon ^ ce que 
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le fil Vienna an contact avec je cath&er gpnflable 
sur toute sa longueur et que des boucles adjacen- 
tes aientdes parties (20) de recouvrement longi- 
tudinal, adjacentes aux extr6mlt6s ferm§es 
desdites boucles, s 
27. Le proc6d6 selon la revendication 25, carac- 
teris6 eh ce que l'6tape de configuration d'un fil en 
forme de serpentin plan comporte l'6tape de la formsh 
tion d'une boucle (18) adjacente k chaque extr£mit6 
libredufii. . 1"',V to 
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.» II 

Fig. 3 
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